2. The output driver of claim 1 Jherein the first drive 
block is connected in parallel with! the second drive block. 



3. The output driver of claim l/wherein the first drive 
block includes one or more first /drive transistors, the second 
drive block includes one or more/ second drive transistors, 
the first and second drive blocks having the same number of 
drive transistors, wherein the /first drive transistors of the 
first drive block provide twici as much current as the second 
drive transistors of the secor/d drive block. 



4. (Amended) The output driver of claim 1 wherein the first 
drive block includes [one] two or more first drive 
transistors, the first drive/ transistors being binary weighted 
with respect to each other /to provide correspondingly weighted 
amounts of current in response to the MSB, the second drive 
block includes [one] t\ 

second drive transfers Mng binary weighted with respect to 
each other to provide co^espondingly weighted amounts of 
current in response to tile LSB .t^T^i^st and second drive 
blocks having the sa\e//umbevr^of drive/transistors . 




Cher output dr/ve'f 



signals 



>f claim 3 ^wherein a set of current 



ek >and disables corresponding ones of the 



first/ and second drive/ trans 



iist- 



rs . 



(Amended )__The output driver of claim 1 wherein binary 
signaling is used by /setting the LSB [symbol] equal to zero. 

7. The output drivfer of claim 3 wherein drive transistors 

are connected tfo an I/O pin, 
further comprising it least one constant current transistor 
connected to the 1/6 pin. to provide a substantially 
continuous flow of /current through the I/O pin to increase 
noise immunity. 
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1 8. An output driver to drive an output symbol representing 

2 two or more bits including a most significant bit (MSB) and a 

3 least significant bit (LSB) , comprising: 

4 a logic circuit to generate a set of transistor enable 

5 signals based on a state of the MSB and the LSB; and 

6 a set of weighted transistors', each weighted transistor 

7 being responsive to one transistor enable signal of the set of 

8 transistor enable signa] 



1 
2 
3 

1 

2 
3 
4 
5 



The output dri/ver of claim/ 8 wherein the weighted 
transistors of the set of we/Jhted transistors are weighted 
to compensate for gds distor£i£>n . 




10. The output driver of /cl^ijpr 8 further comprising: 

a set /of current coj/trp^L transistors , responsive to 
current control signals/ ^foiipled to the set/of weighted 
transistors, to adjusty/^n amount of curre/t 
output driver . 



amount of current supplied by the 




1 11. (/Amended) The output /driver of /claim 8 [wherein each 



weighted transistor is 



ferentia/lly coupled to another 
correspondingly weighted/esransis^or that is enabled to provide 
a continuous flow of curjten\ to/ increase noise immunity] 

le&st one current source coupled to 



at 1 



further comprising / at 



ast one we 



cont 



eai 
ik" 



jghted transistor to provide a substantially 



uous flow of cur/ent /o re&uce switching noise. 



1 12 . (Amended) An output driver to drive an output symbol 

2 representing two or more/bits including a most significant bit 

3 (MSB) and a least significant bit (LSB), comprising: 

4 a logic circuit/ to generate a set of transistor enable 

5 signals in accordance Lith a state of the MSB and LSB; and 

6 a set of drive/ blocks , each drive block being responsive 

7 to one of the tranejisjtor enable signals, each drive block 
8 



including a drive t 



9797-0050-999 GSW/KJK 
Preliminary Amendment 



ransistor responsive to one of the 



RA139) 



RAMBUS Confidential 



3 - 



CAI -259989.1 



9 
10 
11 
12 
13 



transistor enable signals, at least k [of] subset of the drive 
blocks including a gds compensation /transistor [resposive] 
responsive to one of the transistor /enable signals, each gds 
compensation transistor having a predefined geometry to 
compensate for gds distortion. 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 



13 . (Amended) An output di 



: ^dr.i^cer to drive an output symbol 
representing two or more/bits djncluding a most significant bit 
(MSB) and a least significant ttit (LSB) , comprising: 

a logic circuit to generate a set of transistor enable 



signals in accordance wi 

a set of/urive blocks 
of drive transistors coWie< 
current -control transistor' 
transistors being respon^ 
signals/ the set of curr 




nd LSB; and 
ncluding a set 
set of 
stors] 
transistor enable 
stors being 



responsive to a set of curre'At contro/1 signals, at least a 
[of] iubset of the drive blocks including a set of gds 
compensation transistors connected/ in series with a set of 
gds ^current -control transistors ,Vthe gds compensation 
trahsistors being [resposive] r/sp v onsive to one of the 
tralisistor enable signals/, and/the Vs- current -control 
traksistors being responsive to gds -current -control signals. 



1 

2 



1 



14. The output driver ©f cljkim 13 wherein each set of drive 



trans 



istors of the drive block are binary weighted 



2 
3' 
V 4 
" 5 
*6 
: 7 
8 



15. (Amended) A bus receiver to receive an input symbol 
representing two or mo're bits including a most significant bit 
(MSB) and a least significant bit (LSB), comprising: 

a MSB latching comparator to compare the input symbol to 
a MSB threshold voltage to generate a first binary output 



signal representing 
a first LSB lat 



a state of the MSB; 

^hing comparator to compare the input 



symbol to a first reference voltage to generate a second 
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binary output signal representing |[the] a relationship between 
the input symbol and the first reference voltage; 

a second LSB latching comparator to compare the input 
symbol to a second reference voltage to generate a third 
binary output signal representing [the] a relationship between 
the input symbol and the second reference voltage; and 

a logic block to generate^ a fourth binary output signal 
representing a state of the L^SB in accordance with the first, 
second and third binary output signals. 



16 . 



The bus receiver of ^p^ii^lB wherein the first, second 



and third latching com^rafeors/generate their respective 
binary output signal^ sync|hroMzed^5a}:lo ck signal. 



17. A bus receiver to re 
two or more bj/ts , easih bi) 
threshold voXtaqe of a 

a mos 
input s 
most -sign 

a l^ast-signif ice 



f icantf Bit (Mi 



provide 
bit 



the 
i-bit 



symbol representing 
iated with at least one 
of threshold voltages, comprising: 
(MSB) /receiver to receive the 

ogic signal representing a 
symbol ; and 
LS©) receiver to receive the 



he in.; 



input syribol and provide an Zsb lo^ic signal representing a 
least-significant bit/ of thi input symbol 

18. The bus received of </laim 17 wherein the MSB receiver and 
LSB receiver include 

at least one integrator to generate integration voltages 
on integration node's by integrating charge in accordance with 
a voltage associated with the input symbol and one or more 
threshold voltages/ of the set of threshold voltages; and 

at least one/sense amplifier to receive the integration 
voltages of the aJ least one integrator to generate the logic 
signal of the respective receiver. 



19. ' (Amended) The 
receiver and 



3 bus receiver of claim 17 wherein the MSB 
LSB receiver include : 
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3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 



at least one preamplifier/ to generate the input symbol by 
adjusting an unconditioned input symbol in accordance with 
[the] a relationship of the unconditioned input symbol to 
ranges of voltages defined byj the voltages of the set of 
threshold voltages; 

at least one integrator /to generate integration voltages 
on integration nodes by integrating a charge in accordance 
with a voltage associated with the input symbol; and 

at least one sense ampl'ifie 
voltages of the at least one integrator to generate at least 
one logic signal representing a^rela^tionship of the input 
symbol to the one or more thr^nold voltages of the set of 
threshold yoltages. 



_er to receive the integration 




receive an address and 
Is, each/input symbol representing 
-its, each bit being associated with 
^s, a set yof threshold voltages 
ltage l/evels, comprising : 
vk(MBB) receiver to determine a MSB 
of the linput symbol iiA accordance with a first threshold 
voltagej of the set off threshold voltages; [and] 

significant bit (LSB) receiver to determine a LSB 
of the input symbol in accordance with second and third 
threshold voltages ok the/set of threshold voltages; and 

an I/O circuit /to store the MSB of the input symbol and 
LSB of the input syiihbol/in a subset of memory cells of the 
array of memory celts/ 



1 21. The memory of /claim 2 0 wherein the first threshold 

2 voltage is less than the second threshold voltage, and the 

3 first threshold vofLtage is greater than the third threshold 

4 voltage. 
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2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
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14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

1 
2 
3 
4 
5 
6 
7 
8 
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22. (Amended) The memory of cljaim 20, 
wherein the MSB receiver includes: 

at least one MSB integrator to generate integration 
voltages on integration nodes' by integrating charge in 
accordance with a voltage of/ the input symbol with respect to 
the first threshold voltage/ and 

at least one MSB sense amplifier to receive the 
integration voltages of thffe at least one MSB integrator to 
generate at least onp^SBA logic signal representing [the] a 
relationship of thi inpu^/symbol to the first threshold 
voltage ; and 

includes 

to gerferate integration 
voltages/on integratio/ nod^s by integrating charge associated 

put symbol /[output] with respect to 
eshold voltyages; and 
at leasNpne LJBf sense amplifier to receive the 



wherein the ZiSB receive 

at le,ast one LSB integrate* 



with the voltage of 
the seconck and third) 



t]We 



integration volt a*; 



/of the at least one LSB integrator to 
genferate at least orie^LSB logic /signal representing [the] a 
relationship of the jlnpbt^ symbc/l to the second and third 
threshold voltages, 

wherein the i/jb circuit 
MSB logic signal arid the LSB/ 



m< 



res signals representing the 
logic signal in the subset of 



mory cells of thi memory sfrray, as specified by the address. 




23. (Amended) Thef memory of claim 20 wherein the MSB receiver 
includes : 

at least one I MSB preamplifier to generate a MSB 
preamplified signal in accordance with a relationship of the 



input symbol to a 
threshold voltage 
at least one 
produce an output: 



first threshold voltage of the set of 
s; 

MSB integrator to accumulate charge to 
voltage in accordance with the MSB 



preamplified signal during an integration time interval 
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11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
N^y 21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 



defined by a start integration timing event and an end 
integration timing event ; / and 

at least one MSB sense amplifier to sample and convert 
the output voltage from tfhe MSB integrator into a MSB logic 
signal representing a [MSB] state of the the MSB of the input 
signal; and / 
wherein the LSB receiver includes: 

at least one LSB pareamplif ier to generate a LSB 
preamplified signal in /accordance with a relationship of the 
input symbol to a seco/id and third threshold voltage of the 
set of threshold voltj 

at least one J&Bl integrator to accumulate charge to 
produce an outpj-at vol/tacj^ in accordance with the LSB 
preamplified Signal cfluri/ig an integj?^ti6ji time interval 
defined by j& start integration t,£ming e^ent and an end 
integration timu 

ayiea^t one L^I^sens^/amplif ie^ to sample and convert 
the output voltage jfyom tme LSB intQ/qrator into an LSB logic 
signal representing /a ^SB] state </f the LSB of the input 
signal , 

wherein the 1^6 \ircuit stores signals representing the 
MQB logic signal a f nd the^t*§B lo^ic signal in the subset of 
mory cells of th e memory^arf^y, as specified by the address 



1 

2 
3 
4 



4. The memory of claim 23 Wherein the first threshold 
^oltage is less than the secfcnd threshold voltage, and the 
first threshold /voltage is greater than the third threshold 
voltage . 



1 25. The memory/ of claim 2jb, further comprising: 

2 a mode defection circuit to supply a PAM mode signal to 

3 cause the MSB receiver and LSB receiver to operate in either 

4 4 -PAM or 2-PAMjmode. 



26. (Amended)/ A method [of correcting] for reducing errors in 
a multi-Pulse Amplitude Modulated (PAM) system including a 
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r 



3 
4 
5 
6 
7 
8 
9 
10 
11 

1 
2 
3 
4 
5 



multi-PAM output driver and a jmulti-PAM receiver coupled via a 
data bus, comprising: / 

operating the multi-PAM output driver and the multi-PAM 
receiver at 4-PAM to exchange multi-PAM data on a bus; 

[determining whether] (detecting an error [occurred] in 
the multi-PAM data; and 

operating the multi-PAM output driver and the multi-PAM 
receiver at 2-PAM to exchange binary data on the bus in 
response to detecting the jLrror . 



27. (Amended) The method/ of gicrim 26 wherein the multi-PAM 
output driver and the mulft^PAM receiver are operated at a 
first [data] symbol ratetand further comprising: 

reducing the first / [data] /symbol rate in response to 
[the] further error /detectioi 



1 
2 
3 
4 



28. (Amended) TOe metMod off claim 
measuring/ail error- free time'f 



irther comprising : 



anc 



/ 



increasing tifce fd/rsjt [data] symbol rate when the error- 



free time equals a\pr£d^termlned v 



2 



ue . 



1 
2 
3 
4 
5 



1 
2 



6 
7 
8 
9 



29. The yethod of cj^im 27 further comprising 



receiver 



measyuring an ertor\^ree 
operating the multi-^ 

at 4-PAM wlfcen the er/tor-free time equals a 



tit^e ; and 

L put driver and the multi-PAM 



predetermined value/. 

y 



30. (Amended) A method [of^ correcting] for reducing errors in 
a multi -Pulse Amplitude Modulated (PAM) system, comprising-: 

operating a mllti -PAM output driver and a multi-PAM 
receiver at 4-PAM to exchange data on a bus , the data having a 
most-s ignificant dkta bit and a least-significant data bit . 



wherein the multi 
transmit and recei 
most -significant s 
symbol bit [ (LSB) ] 
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ijve an encoded multi-PAM symbol having a 
vmbol bit [(MSB)] and a least -significant 



the most-significant data bit being 
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10 transmitted as the most-significant symbol bit, and the least- 

11 significant data bit beinJr transmitted as the least- 

12 significant symbol bit: J 

13 [determining when] d etecting an error [occurs] in the 

14 [data] multi-PAM symbol ; /and 

15 [switching the MSB sfnd LSB when an error occurs] 

16 transmitting the least-significant data bit as the most- 

17 significant symbol bit and the most-significant data bit as 

18 the least -significant symbol bit in response to the error . 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

1 

2 
3 
4 




32. (Amended) 

a bus havir 
a plurality 

representing a 



nsmit a first data signal on 

a second data signal 
the first data signal 
gnals are superimposed 
the signal line, the 
lity of voltage levels 
imultaneously 

superimposed data signal, 
of the superimposed data 
data signal transmitted 
superimposed data signal; 

superimposed data 
sentation of the 
ifying] identify the data 
output driver from the 



memory system comprising: 
g a plurality of signal lines [:] j_ 
of output drivers to drive an output symbol 
predetermined number of bits including a most 
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w5 significant bit (MSB) and a least significant bit (LSB) on a 

6 first subset of the signal lines; and 

7 a plurality of receivers, /each receiver to receive the 

8 output symbol from a respective signal line as an input 

9 symbol, each input symbol representing the predetermined 

10 number of bits, the receivers outputting a plurality of logic 

11 signals representing the st^te of the MSB and LSB of the input 

12 symbol . 



1 
2 
3 
4 
5 

1 

2 
3 
4 

1 

2 
3 

1 

2 

1 

2 
3 



1 

2 
3 
4 
5 



3 3 . The memory system off claim 3 2/ wherein the memory system 
is operated as a 4 -PAM system sucja that the output symbol has 

system is operated as a 2- 



an MSB and an LSB^/and yhe memo: 

PAM system by setting tyhe LSB of. the output symbol to zero to 
generate a 2 -PAM symbol 



34 . The memory 
signal li'nes incl 
lines, if he control 
signal/ lines being 

35 . / The memory sys 
is responsive to a 
P. 




am( 



36 
de 



The memory s 
termined by a h 



37. The memory sj 
is re spons i ve t 
2 -PAM. 



38 . 
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in the first set of 
es and data signal 
2 -PAM, and the data 



2 wherein the memory system 
o switch between 4 -PAM and 2- 



aim\^3 5 wherein the mode signal is 
tting . 

>f/ claim 32 wherein the memory system 
:ected errors to switch between 4 -PAM and 



(Amended) A| memory system comprising: 
a bus havinjbj a plurality of signal lines; 
a first sutjset of the signal lines being coupled to a 
plurality of outlput drivers, each output driver to drive an 
output symbol representing two bits including a most 
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significant bit (MSB) and a least significant bit (LSB) on the 
signal line, each output driver including: 

a first drive block to generate a MSB symbol 
component representing the MSB; and; 

a second drive block to generate an LSB symbol 
component representing the LSB, tfie LSB symbol component being 
combined with the MSB symbol corjfconent to provide the output 
symbol ; 

a second subset of the s^naTTilaes, including the first 
subset of signal lines >x bein/ coupled Jto a plurality of bus 
receivers to receiy^f an address and /[the output symbols, the 
received output symbols being] input/ symbols, each input 
symbol representing a predetermine^ number of bits, each bit 
being associated with a distinct /range of voltage levels, a 
set of tha^shold voltages defining each dist ipsfe— ^ange of 
voltage/levels, each bus receiver includg 

mpst- significant bit/(MSB) receiver to determine the 
MSB/of a Vespective ohe of/ the inptit symbols [symbol] based on 
a /first thi^shold vo/tag/ of tj>e set of threefold voltages; 
/nd 

a least -s\gni^ic§^t hit (LSB) receiver to determine the 
LSB of a respectlLvfe ^neyof the input symbols [symbol] based on 



second and third 
voltages . 



feshold voltages o/ the set of threshold 



39. A method off operating a mul/i-drop bus using multi-level 
signals , comprising : 

transmitting an output symbol representing at least two 
bits including/a most significant bit (MSB) and a least 
significant biit (LSB) ; 

receiving the output /Symbol, the received output symbol 
being an input symbol; 

generating integration voltages by integrating charge on 
at least one /integration node in accordance with a state of 
the input syfibol ; and 



9797-0050-999 QSW/KJK (RA139) 
Preliminary Amendment 



RAMBUS Confidential 



- 12 



CAl -259989.1 



11 

12 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 



determining the MSB and the LSB in accordance with the 
integration voltages. 

40. An apparatus for transmitting data on a multi-drop bus 
using multi-level signals, comprising: 

means for transmitting aia output symbol representing at 
least two bits including a most significant bit (MSB) and a 



least significant bit JJjSB 1 ) ; 
means for receiving the 



output symbol, the received 



output symbol bei-ng an input/ symbol ; 

means for/generating integration voltages by integrating 
charge on aj/least one integration node in accordance with a 
state of ythe input symbol ; /anc 

means for determining/ tl/e MSB an^CTie LSB in accordance 
with the integration voltage 



NEW CLAIMS: 



i 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 




(New) An apparatus /for receiving multilevel signals, the 



apparatus comprising, 



>luralit 



a bus comprising af plurality of signal lines to carry 
said multi-level signals comprising at least a first signal 



and a second signal, siaid plural 



.ity/ :> 



f signal lines having at 



least a first signal line and a' second signal line carrying 

aid first signal and/ said second signal respectively, wherein 
said multi-level signals have'one of at least three (3) 
distinct signal levels; ^ 

a plurality of fnulti -/level receivers coupled to said 



plurality of signal 
receivers comprising 
mult i -level receive 
is coupled to said 
signal and said sec 
second signal line 

said first mu!. 
output ; and 



irst signal 

ond multi- level/ receiver is coupled to said 
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a first multi-level receiver and a second 



c f wherein said first multi-level receiver 
line/to receive said first 
r e l/r, 

o. receive said second signal; 




receiver generating a first 
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# 



19 



said second multi -level recei 



20 output, wherein said first and se< 



ver generating a second 
ond outputs collectively 



21 represent more than two (2) digital bits, 

1 42. (New) The apparatus of claitja 41 wherein said bus is a 

2 multi -drop bus. 

1 43. (New) The apparatus of clatm 42 wherein said multi-drop 

2 bus is terminated. 

1 44. (New) The apparatus of c/Laim 41 wherein said plurality of 

2 signal lines are termina-trScTwith a terminating resistor. 

X 1 

1 45. (New) The apparatus of//claim 41 wherein said multi-level 

2 signals have one of at least four (4) distinct levels. 



1 46 . (New/ The appara 
di'st 



;mct signa 



three 



1 47. /(New) The appa: 

2 thre'e distinct signal) 



atus bf claim 41 wlje-ifein s 
1 le/fels are volifage level 



in said at least 




tage 

of sTaim 41 wherei^f said at least 
levels are current Revels 



1 48. (New) The appaa/a^usv of claim 41 /herein said first multi- 



2 
3 



iid second multilevel receiver comprise a 
flirst integrator anc/ a second integrator respectively. 



level receiver and sc 



1 49. (New) The apparatus of cmm 48 wherein said first multi- 

2 level receiver comprises a f/rst sampling circuit to sample 

3 said first signal /between transitions of said first signal. 



1 

2 
3 
4 



50 



(New) The a 



multi-level rece 



paratusr of claim 49 wherein said second 



j;.ver camriprises a second sampling circuit to 
sample said second signal between transitions of said second 
signal . 
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1 51. (New) The apparatus of cla':.m 50 wherein said first 

2 sampling circuit and said second sampling circuit sample in 

3 response to a clock transition.) 

1 52. (New) The apparatus of c]7aim 41 wherein said first multi- 

2 level receiver and said second multi- level receiver comprise a 

3 first decoder and a second decoder, respectively, to decode 

4 said first signal and said sjbcond signal on a clock 

5 transition. 



1 53 . (New) The apparatus 

2 signals collectively repr 



1 

2 

1 

2 

1 

2 

1 

2 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 



54 . (New) The apparatus 

/ 

signals collectively 



55. (New) The apparat 
value represents an ad 



56. (Ne^) The appara 
value represents a r 




52 wherein said multi-level 
ata value . 

n said multi-level 
e . 

said control 



rein said control 



wherein said control 



57 . (New) The appa 
value represents a ^rite command 



58. (NeA) An apparatus for transmitting multi-level signals 
comprising : 

a bus comprising a plurality of signal lines to carry 
said multi-level signals comprising at least a first signal 
and a second sigrual, said plurality of signal lines having at 
least a first signal line ^md a second signal line carrying 
said first signal and sai/u second signal respectively, wherein 
said multi-level! signals' have one of at least three (3) 
distinct signal fLevels/ and 



a plurality of multi -level output drivers coupled to said 
plurality of signal lines, said plurality of multi-level 
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rising a firfst multi - level 



output driver 



12 output drivers comprising 

13 and a second multi-level output driver, 

14 said first multi-level output driver outputting said 

15 first signal onto said first signal line; and 

16 said second multi-level /output driver outputting said 

17 second signal onto said second signal line, wherein said first 

18 and second signals collectively represent more than two (2) 

19 digital bits. 



1 59. (New) The apparatus 

2 signals have one of at /lec 



claim 158 wherein said multi-level 
'st four/ (4) distinct levels 



1 60. (New) The apparatus i 

2 three distinct signal 1< 



of clad/m 58 wherein said at least 



p els are voltage 



sis. 



1 61. (New) 

2 three dist 



The apparatdb of -Claim B^wherein saad at least 
signal levelys are /current leve/s. 



1 62 . (New) The apparatus 

2 mul t i - level output dr/Lv^ 



flaim 58 wher 
r a>re current 



n said plurality of 
lvers . 



1 63. /(New) The app 

2 sigi/als collectivel 



arfem/s of claim 51 



represent a dart 



wherein said multi-level 
a value . 



1 64./ (New) The apparatus of clad/m 58 wherein said multi-level 

2 signals collectively represent/ a control value. 



1 
2 
3 
4 
5 



65 i (New) The apparatus of /claim 64 wherein said control 
value represents cfn address/ 

66. (New) The apparatus/of claim 64 wherein said control 
value represents/ a read/command. 



1 67. (New) The apparatus of claim 64 wherein said control 

2 value represents a wri/te command. 
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1 

2 
3 
4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

1 
2 

1 
2 



68. (New) A multi-level signaling system comprising: 

a signaling path comprising a plurality of signal lines 
including a first signal |.ine and a second signal line; 

i. 

signaling path to output jthereon multi-level signals 



a plurality of mul 



1 line ai 
ti.- level 

r 



output drivers coupled to said 



comprising at least a first signal and a second signal, 
wherein said multi-level signals have one of at least three 
(3) distinct signal levels; 

said plurality of multilevel output drivers comprising a 
first multi-level output^driver] and a second multi-level 
output driver, wherein said fir/st multi-level output driver 
outputs said first/signll onto/said first signal line and said 
second multi-level outpjut driver outputs said second signal 
onto said second signaj line( wherein said first signal and 
said second signal collectively represent more than two (2) 
digital bit's'; 

a plural ity\of mi 
signaling path to\rec 



level ^receivers coupled to said 
e therefrom sai'd multi -level signals, 

r ~ \ 1/ / / *: • 

said plurality of mul/£i-leve'l receivers comprising a first 




/ 



multi -level receiver/ and a'second mul^i- level receiver, 
wherein said first Milti>^level receiver i 
irst/ si 



firstj/ signal line 
multi -level receive} 
receive said seccpndj 



evel recei'ver is coupled to said 

--id f4rst signal and said second 
is couple&^tq/ said second signal line to 



'signal ; 

;i-level receiver generating a first 



Lve said sec<; 
said first 
output ; and 

said second rrujilti- level receiver generating a second 
output, wherein said first out/put and said second output 



collecoq^vely repre 



sent more tJhan two (2) digital bits 



69. (New) The apparatus of 
path is a multi-drjop bus. 

70. (New) The apparatus of 
bus is terminated. 



claim 68 wherein said signaling 



claim 69 wherein said multi-drop 
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1 

2 



71. (New) The apparatus of claim 6s/ wherein said plurality of 
signal lines are terminated with a .terminating resistor. 



1 

2 



72. (New) The apparatus of claim/68 wherein said at least 
three distinct signal levels are /voltage levels 



1 

2 



73. (New) The apparatus of cla/Lm 68 wherein said at least 
three distinct signal 1 eve Ls--~asre current levels. 



1 

2 
3 

1 

2 
3 

1 
2 
3 
4 

1 

2 
3 

1 

2 
3 
4 

1 

2 

1 
2 



74. (New) The apparatus of cyaim 68 wherein said first multi- 
level receiver and/said second multi -level receiver comprise a 
first integrator;/ and a secc/nti integrator respectively. 

/ 

75. (New) Ttie apparatus Z(f claim 74 wherein said first multi- 
level receiver comprises /a first sapa^Tlng circuit to sample 
said firs./ signal betwe/n transitions/of said first signal. 



/ 



/ 



76. (New) The 4PP ar£ 



mult 



/ 



evel receiver/ 



sample said secoi 
signal . 



is of ^laim lk> wherein said second 
Comprises a sfecond sampling circuit to 
ma/ between transitions of said second 



/ 

77/ 

sampling circuit/ a] 

response to a cliocl 



(New) The apnkr^us of oiaim 76 wherein said first 

scond sampling circuit sample in 
:ion . 



V 



8. (New) The kpr/aratusf of claim 68 wherein said first multi- 
said second multi-level receiver comprise a 
a second decoder respectively to decode said 
said/ second signal on a clock transition. 

par/atus of claim 68 wherein said plurality of 



evel receiver 
_irst decoder aVid 
first signal and 

\ 

79. (New) The ap 



80. (New) A memory 



multi -level output drivers are current drivers 



device comprising : 
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a signaling path carrying mujfti- level signals comprising 
at least a first signal and a sedbnd signal, said signaling 
path comprising a plurality of s/gnal lines including a first 
signal line and a second signal/line carrying said first 
signal and said second signal Respectively, wherein said 
multi-level signals have one Jf at least three (3) distinct 
signal levels, and said first/ signal and said second signal 
collectively represent more^lcharJ two (2) digital bits; 



ive 



Coupled 



a plurality of mul 
signaling path to 
said plurality of ^jpaflt: 
mult i- level receiver and 
wherein said fyrst multi 
first signal line to re 
multi-level /rec 
receive sa/d second siqjftal 

said/ first 
level receiver gen 
second Aigital bit bWsed 01 
signal/- and 

in array of menpry Xiells c 
mult il- level receive 
and said second dialtal bit 



receivers coupled to said 
ifrom said multi-level signals, 
receivers comprising a first 
^cond multi -level receiver, 
il receiver is coupled to said 
jfve said first signal and said second 

second signal line to 



sai 



d fir; 



said second multi - 
Lrst digital bit and a 
(t signal and said second 



ed to said plurality of 
o/store said first digital bit 



81 . (New) The ap; 
path is a multi -drop bus 



aratus of olair 



80 wherein said signaling 



82 . (New) The a] 
bus is terminate] 



bparatus oil 



claim 81 wherein said multi -drop 



83 . (New) The Apparatus 
level receiver and said 
first integrator and a s 



of claim 80 wherein said first multi- 
$econd multi-level receiver comprise a 
cond integrator respectively. 
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84. (New) The apparatus of claim 83 wherein said first multi- 
level receiver comprises a firsl sampling circuit to sample 
said first signal between transitions of said first signal 



2 
3 
4 



85. (New) The apparatus of c/Laim 84 wherein said second 
multi- level receiver comprises a second sampling circuit to 
sample said second sign^b/tween transitions of said second 
signal . 



1 
2 
3 

1 
2 
3 
4 

1 
2 



86. (New) The/apparatus df claim 85 wherein said first 
sampling circuit and saifl second sampling circuit sample in 



response 



a clock transition. 



87. (New) The apparatfids of claim 80,jriwrein said first multi- 
level/receiver and sM second mu^i-le^el receiver comprise a 
firs/ decoder and a LJcond deeper respectively to decode said 
fir£t signal and sa/d/seconc/signal o/ a clock transition. 



8 



4-^ 

•4 

8 
9 

10 



l mVnory 



(New) A 

an array of\mp 
a plurality oi 
alrray of memory ce 



lev^/ce compris: 
r# cells; 

(ulti -level output drivers coupled to said 
to receive^ a data value therefrom, said 
a value comprising Nvbits, jfchere N is an integer; and 
said pluralitJ of mul^i-Zevel output drivers being 
structured to outpit M sign^representative of said data 
value onto a signaling path/ where M is an integer less than 
N, said M signals (having or/e of at least three (3) distinct 
signal levels. 



V 



1 

2 

1 

2 



89. (New) The apparatus 
three distinct siignal le^ 



90. (New) The apparatus 
three distinct signal 1 



>f claim 88 wherein said at least 
els are voltage levels. 



of claim 88 wherein said at least 
eVels are current levels. 
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91. (New) The apparatus of claim|88 wherein said plurality of 
multi-level output drivers are current drivers. 



92 



(New) The apparatus of cla^m 88 wherein said M signals 
collectively represent a data value. 



93 . (New) The appara 
collectively repre 




cl/aim 88 wherein said M signals 
t!ro\ value. 



94. (New) A memory controller for transmitting Ml signals to 

" ivin 



a memory device and receiving M2 sig 
device, where said Ml and/ /M2 are 
controller comprising: 



a ^plurality of mu 
said memory device sai y 
data /alue comprising 
lid ML si 




ntegers , 



\m said memory 
lid memory 



than/ Ml, sa: 



\ 



1 output drivers to output to 
ntative of a first 
bits, where Nl /Ls an integer greater 
having one of /at least three distinct 



signal levels; and 
a plurality of) 



mu 



lti-leve 



signal 



merrory device said M2^ s 
value comprising N2/bi v ts, where 
M2,l said M2 signals having one o 
distinct signal I 



vers to receive from said 
s representative of a second data 
N2f is an integer greater than 
said at least three (3) 



95. fNew) The apparatus of clarm 94 wherein said plurality of 
multi-level receivers comprise a pKfrrality of integrators. 



96. (New) The apparatus of /claim 95 wherein said plurality of 
multi-level receivers comprise a plurality of sampling 
circuits to sample said M2 signals between transitions of said 



M2 signals. 

97. (New) The 
sampling circud 



apparatus/ of claim 96 wherein said plurality of 
ts sample' in response to a clock transition. 
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1 98 . (New) The apparatus of claim 9 J wherein said plurality of 

2 multi-level receivers comprise a pleural ity of decoders to 

3 decode said M2 signals. 

1 99. (New) The apparatus of claim 94 wherein said plurality of 

2 multi-level output drivers are current drivers. 

1 100. (New) The apparatus of claim 94 wherein said at least 

2 three distinct signal levels /are voltage levels. 

1 101. (New) The apparatus off cslaim 94 wherein said at least 

2 three distinct signal leveUs/are current levels. 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

1 

2 



102. (New) A^emory syst/sm comprising: 
a signaling path; 
a memory device haVin'g a plurality of mult i- level output 



drivers .coupled to sai 
/ 

signals represent at iVj 
where^M and N are in 
signals having one 
levels; and 

l a memory c 
receivers coupled 
^aid M signals, d 
representative of 



ignaling path to output thereon M 
a data v^^tue jcomprising N bits, 
s than N, said M 
t leaat three /(3) distinct signal 



avmg a plurality of multi-level 
sadd signaling path to receive therefrom 
side said M signals and produce an output 



103 . (New) The a 
path is a multi 



1 VL04. (New) The 

2 of multi-level 



1 105. (New) The 

2 of multi-level 
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5f claim 102 wherein said plurality 
/comprise a plurality of integrators. 



apparatus of claim 104 wherein said plurality 
receiver/s comprise a plurality of sampling 
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